The article describes the application of databases in the analysis of controlled gas nitriding processes. It shows the importance of database in data analysis, defines the concept of database, as well as its tasks; examples of database applications are listed, and the concept of data mining is characterized in the context of using databases for scientific purposes. The article discusses the need to develop database for nitriding processes constituting the source of data necessary for the development of growth kinetics simulation of the nitrided layer. Keywords: gas nitriding, ZeroFlow, growth kinetics simulation of the nitrided layer, database analysis, databases
THE IMPORTANCE OF DATABASES IN DATA ANALYSIS

Database as the data model
Database is an ordered set of data, usually large in size, with a specified internal structure, or in other words, a set of data recorded in the precise manner in structures corresponding to the assumed data model. The data here is understood as arbitrary characters, numerical, graphic and other values, which can be used to describe objects and phenomena that occur in the reality. The PN-ISO/IEC 2382-1:1996 standard, which defines basic computer science terminology in the Polish language, defines data more precisely as "the representation of information having meaning appropriate for communication, interpretation or processing". The information is here understood as the "knowledge of objects such as facts, incidents, items, processes or ideas consisting of concepts which, in a particular context, has a specific meaning". The same standard also includes a complete definition of database: "a set of data organized in accordance with the conceptual structure describing characteristics of this data and relations between its elements, used in singular or multiple applications" [1, 2, 3, 4] .
The concept of structure is the key word for the functioning of database; as the set of data is organized according to a certain conceptual structure, it must have a specific internal structure, compatible with the selected data model. From the user's point of view, the database should be designed in such a way so as to present information in a clear and unambiguous way, thereby eliminating the risk of misinterpretation; in turn, from the point of view of the database system, it should be constructed so as to implement specific rules necessary for its proper functioning. It is also assumed that the structure of database should ensure selective access to data and enable data recording on an external medium. Therefore, the database structure requires meeting the following basic assumptions:
-it must allow for representing essential data characteristics from the user's point of view, and thus the objects represented in the database will be described by means of values of selected properties (attribute values);
-it must ensure a representation of relations (links) between data and/or its elements.
Furthermore, for each of the existing database models (relational databases, object-oriented databases, dynamic databases, temporal ones, reactive ones, etc.), it is necessary to satisfy additional requirements, closely related to the structure and construction of database; these requirements depend on the accepted model of data representation [2, 3] .
As it is apparent from the above, databases are aimed at storing large quantity of data in an ordered way in the electronic form, simultaneously ensuring effective management of the data, that is quick and convenient access and the possibility of unlimited processing in order to obtain information that is clear and easy to interpret on the base of the data. It should also be noted that the data deprived of the possibility of unambiguous interpretation is completely useless, and therefore, proper database operation is connected to the need for description of the meaning of the data stored in that particular base. It is the Database Management System (DBMS) that is used for this purpose. It is a set of programs providing, inter alia, the ability to create (design) new databases and to communicate with the database in order to search for information as well as data administration and access to it [2, 4] . Database Management System is therefore properly organized, specialized utility software allowing for the realization data operations important for the user, which include:
-data input and output process, -data memorizing and storage, -data search and presentation, -data addition and deletion, -data update, -arithmetic, statistical, algebraic and logical processing, -operations based on set-theory and operations of relational algebra, -data encoding and decoding [2] . To summarize, databases along with software (considered together as database systems) are nothing more than a description of a selected portion of reality by means of a computer data model, where this model is understood as a set of abstract concepts enabling the representation of specific properties of the world being described. A set of concepts essential from the perspective of the given application and used for describing the properties of a specific portion of the real word forms the database scheme. This scheme is a description of the structure (format) of the stored data and its mutual interrelations [2, 4, 5].
Contemporary uses of databases
Databases are now an increasingly popular method of collecting and processing data; due to the available possibilities they are applicable virtually everywhere, where there is the need for orderly and efficient data processing [2] . Library operating system can be used as an example here, as well as place booking systems, banking systems/electronic banking, landline and mobile telephony customer databases, client databases, accounting, enterprise operation support systems, record systems of citizens and derivative systems, multimedia databases, geographical computer systems, scientific and medical databases, or information search engines, such as Google. Therefore, they are applicable wherever the implementation of the following objectives is required:
-centralization, i.e. data concentration in one database system (allowing full access to all the data), -selective access, that is ensuring the ease of search and access, -single representation, that is reducing redundancy and avoiding repetitions, -maintaining consistency, that is facilitating guarantee for consistency (internal and external) due to the proper structure and tools as well as design methodology, -standardization, that is ensuring a uniform format of data and facilitating exchange and access, -multiple access, that is allowing the use of the same data by multiple users, -prospective access, that is enabling the users to access data in the most convenient form for them, -concurrent access, that is allowing simultaneous access to the same data, providing synchronization, blocking access, and correct realization of the operation, -data autonomy, that is both physical independence (from the method of storage and access) and logical independence (from the application),
-optimization, that is optimization of memory usage and access and processing optimization (efficiency, convenience) [3, 4] .
Databases are increasingly being used for scientific purposes; the concept which is related to it is, inter alia, data mining (data exploration, knowledge acquisition, data mining/extraction). Data mining derives from such fields of science as statistics and machine learning. Its nature involves the use of speed and computational power of computers for a thorough analysis and discovery of new dependenciespreviously hidden -on the basis of large quantity of data. Data mining is now more and more frequently used in business, however, it can also be used, inter alia, for developing new patterns and mathematical models, and hence the increasing interest in this field among scientific communities [6] .
Data collection and processing is extremely important for the progress of such technologies as thermal treatment; databases have been used, among others, for developing computer-aided program of steel nitriding at lower pressure operating on the basis of artificial neural networks [7] . The further part of this article discusses the application of databases in the process analysis of controlled gas nitriding.
ANALIZING NITRIDING PROCESSES ON THE BASIS OF DATABASES
The growth model of a nitrided layer on steels
The growth of the nitrided layer on steels is described by both thermodynamic, and kinetic laws. It is due to the laws of thermodynamics that we can identify the local equilibrium between the nitrogen on the surface of the layer and the atmosphere, consisting of ammonia and molecular hydrogen, as well as the balance between the nitrogen in particular phases α, γ' and ε and the inter-phase boundaries α/γ, α/γ' and γ'/ε -this information is provided by the equilibrium systems Fe-N and T-N p -N. In turn, the kinetic laws include reactions at the atmosphere-metal boundary and nitrogen diffusion deep into the material. Moreover, kinetic models also make use of the data from the thermodynamic systems. The knowledge of the laws of thermodynamics and kinetics, describing the diffusion growth of the layer, as well as experimentally identified physiochemical data (such as the coefficient of nitrogen transfer from the atmosphere onto the metal surface, or diffusion coefficients and the nitrogen diffusion activation energies in particular phases) resulted in the development of mathematical models of the growth kinetics of the nitrided layer. These models also take into account the summary effect of alloy elements and carbon on the diffusion streams of nitrogen atoms into the phases α, γ' and ε, so that they can successfully be applied as a tool to assist the design of nitriding processes [8, 9] .
On the basis of mathematical models allowing precise formation of the structure of the phase layer, a simulator of the growth kinetics of the nitrided layer has been Application of databases in the analysis of controlled gas nitriding processes 21 developed. It is a program that enables calculation and graphic determination of the growth in thickness of the nitrided layer and individual zones (phases) that occur in it, the effective thickness and hardness penetration patterns as the function of process parameters, i.e. the temperature, nitriding potential of the atmosphere and time. In addition, the simulator allows customization of the process parameters in order to achieve the intended results of the nitriding process. Therefore, with this tool it is possible to optimize the process parameters, and as a result -producing the nitrided layer in the shortest time possible and with minimum consumption of gases and energy. The simulator then fulfils a regulatory, as well as a controlling function; the regulation here is understood as the ability to determine the process parameters in order to achieve specific results, and by controlling it -the opportunity to verify the nitrided layers obtained in the real-life processes on the basis of comparison with the results of simulation [10] .
It is worth noting that the simulation of thermo-chemical treatment processes based on mathematical models of diffusion layer growth are an extremely important issue allowing for the presentation of various phenomena and their course, often unnoticed in industrial practice (and sometimes in experimental studies). A common example is the simulation of carburizing steel, that has been successfully applied for quite some time and on a wide scale in industry. In the case of gas nitriding processes, they allow -by varying the process parameters -for modeling the formation of the phase layer, that is the types of formed phases (zones) and their thickness, surface concentration and the profiles of nitrogen concentration in individual phases, as well as the kinetics of their growth. Moreover, they make it possible to track the increase in thickness of the zones ε and γ' as the function of the nitriding potential of the atmosphere not only in single-stage processes, but also in more complex multi-stage processes. Mathematical models of diffusion layer growth also constitute an element of process regulation and control [9] .
On the basis of studies conducted so far, there have been growth kinetics models developed for 12 grades of steel, however, these are not all commonly and constantly nitrided surfaces; what is more, the group of steel on which nitrided layers are produced is increasing steadily, which results from the growing demands concerning elements in various branches of industry. It should also be noted that due to the complicated physico-chemical nature of the nitriding process, the mathematical models developed so far still need improvement.
Obtaining and analyzing data from nitriding processes
The analyses conducted so far have shown that the simulator of growth kinetics of the nitrided layer exhibits some deviations from the actual results of the nitriding process -the values of these deviations depend on the steel grades, the parameter considered, or the conditions of the process. In addition, as it has been mentioned above, the range of steel grades available in the simulator is too narrow with respect to the actual needs of industry. In order to make it possible either to verify the existing models of growth kinetics of the nitrogen layer, or to develop further mathematical models for new kinds of steel, it is necessary to collect detailed data from both experimental and industrial processes; it is the industrial processes that are of high importance here, which constitute the source of valuable information concerning the real-life conditions of the nitriding process. The large amount of data essential to carry out the model verification/development makes it necessary to adopt an adequate system of data management -hence the concept of creating database for the processes of controlled gas nitriding. Such a database should mainly allow for the introduction of new data from the ongoing processes of nitriding, their subsequent updating and deleting erroneous data, searching among the nitriding processes downloaded so far, and a clear presentation of the obtained search results; it should also allow performing certain operation on the data. In addition, the database management system should handle the storage of large data sets and provide reliability, safety and efficiency. Assuming the data would be obtained from a variety of sources (mainly the data from industrial processes), the database management system should also enable multi-user access and synchronize it in the case of concurrent one, while protecting access to data.
To summarize, the database for nitriding processes not only streamlines data acquisition from industrial processes (at the moment, the access to data is often hindered), but also facilitates and accelerates data analysis by implementing a systematic method of keeping record. While using the database, it will be possible to find relationships between the actual results of nitriding processes and the values presented by the simulator, and then -on the basis of it, the determination of the correction factor for each of the existing models of the growth kinetics of the nitrided layer. Additionally, the database will support the development of growth kinetics models of the nitrided layer for new steel grades. The database would thus enable an effective analysis of data and matching parameters for new nitriding processes; it would simultaneously be used in the development of the simulator of growth kinetics of the nitrided layer, allowing both its verification and modification, as well as the development of subsequent models. In the future, when significant quantities of data have been collected in the database, data mining will be possible, which may provide new information on the subject of controlled gas nitriding.
Database for nitriding processes
On the basis of the collected information and experience, a database design project has been created for nitriding processes (Fig. 2.1 ). This project, named ZeroFlow® Nitriding Database, is being carried out in cooperation with Seco/Warwick company as part of research and development work. Its main objective is to create a database for nitriding processes, assuming a simplified system of data input and search on-line, so that it could be operated by any user with access to the database, without the need to use the language of the database. This database is also fully compatible with the DataPortal system; each user is therefore able to participate in the development of the database by making the parameters and results of the processes available.
The project attracted attention of industrial customers, who are also interested in collecting data from the realized nitriding processes -their participation in the joint creation of the database will then allow obtaining a lot of valuable information from industrial processes, which will later be used to develop models of growth kinetics of the nitrided layer. 
SUMMARY
Databases are now a popular tool used for collecting, storing and analyzing data; they are also of crucial importance in the development of methods of heat treatment, including controlled gas nitriding. Their use in the analysis of data from the nitriding processes means not only greater data processing capabilities, but also work improvement and acceleration in the development of the simulator of growth kinetics of the nitrided layer. This enables both verification and modification of the existing models of growth kinetics of the nitrided layer, and the development of models for new grades of steel. Furthermore, at a later period of time, the accumulation of large quantities of data will allow for searching new relationships and models due to the use of data mining. All these aspect are important not only from a scientific point of view, but also from an industrial one -the increasing requirements impose the search for both new solutions, and constant improvement of the existing technologies; for this purpose detailed analyses of data from nitriding processes are carried out.
ZASTOSOWANIE BAZ DANYCH W ANALIZIE PROCESÓW
REGULOWANEGO AZOTOWANIA GAZOWEGO Streszczenie W artykule opisano zastosowanie baz danych w analizie procesów regulowanego azotowania gazowego. Przedstawiono znaczenie baz danych w analizie danych, określono pojęcie bazy danych oraz jej zadania; wymieniono przykłady zastosowań baz danych oraz scharakteryzowano pojęcie data mining w kontekście wykorzystania baz danych do celów naukowych. Omówiono potrzebę opracowania bazy danych dla procesów azotowania jako elementu stanowiącego źródło danych niezbędnych do rozwoju symulatora kinetyki wzrostu warstwy azotowanej.
